This article analyzed several aspects of the present residential buildings in China's northern heating region such as the indoor thermal environment, satisfaction degree of residents, willingness and motives for retrofit, retrofit content and retrofit effect based on a questionnaire survey. The results revealed poor indoor thermal quality and dissatisfaction of residents, and intensive willingness and obvious retrofit effects. By further clarifying the requirement and the key points of the retrofit, suggestions for promoting the retrofit of the present residential buildings in China's northern heating region were put forward.
Introduction
Building energy conservation is the major part of energy efficiency and emission-reduction policy in China. Building energy consumption accounted for 23% of the terminal energy consumption in China in 2007 [1] . The area of the northern heating region is 70% of China's land area. The construction area of this region is about 6.5 billion m 2 , among which over 70 percent are high-energy buildings. 68 million tons of standard coal can be saved and 143 million tons of CO 2 emission volume can be reduced every year after estimation, if such high-energy buildings are retrofitted according to the building energy efficiency design standards in the heating region [2] .
We designed and distributed questionnaires of the indoor thermal environment, satisfaction degree of residents, willingness and motives for retrofit, retrofit content and effect in China's northern heating region, in order to find out the status quo of the indoor thermal environment and retrofit requirements and to nail down major retrofit programs. On the basis of statistical analysis, retrofit requirements and major retrofit programs were nailed down in the study, which supplies references for the government to make policies of heat metering and energy efficiency retrofit of the present buildings in the northern heating region.
Questionnaire Design and Distribution
The questionnaire included basic information of residents and construction, the indoor thermal environment and satisfaction degree of residents, the residents' attitudes, such as the comprehension of building energy efficiency policies, towards retrofit. The questionnaire was statistically treated by descriptive statistical analysis. It was mainly surveyed in Shanxi Province, supplemented by other northern province showed in Table 1 , which basically covered the northern heating regions. 400 questionnaires were distributed with 265 valid questionnaires retrieved. The objects and regions of the questionnaires were representative. Therefore, we believe this conclusion based on the valid questionnaires is of great reference value.
The questionnaire form was divided by three indicators: household income, construction age and type which was showed in Table 2 . The construction types can be divided into the cottage, Residence Class A (Floor 9 or below), Residence Class B (Floor 10 or above), residential and commercial residence, villas and the others. The purpose of segmentation is to obtain information such as the indoor thermal environment satisfaction degree of residents living in different conditions, their attitudes toward the existing residential building energy efficiency retrofit, and their level of understanding of building energy efficiency policy, providing reference for the retrofit policy of existing residential buildings.
Analysis of Survey Results
According to research objectives, the results of the questionnaire were analyzed from the following five aspects: the indoor thermal environment in winter, satisfaction degree of residents, their willingness and motives for retrofit, retrofit effect and the residents' understanding of building energy efficiency policies. The index system of the indoor thermal environment quality included temperature, humidity, wind speed, surface temperature and so on. The temperature was chosen as the index to measure indoor thermal environment in winter with the consideration that the general residence is rarely equipped with air conditioning system. The parameters such as humidity, wind speed are virtually impossible to control the indoor thermal level. On the other hand, temperature is also the most influential to human comfort and heating energy consumption among these indicators. Therefore, choosing indoor temperature as the index to measure indoor thermal comfort in winter can objectively reflect the situation of indoor thermal environment in winter in northern heating regions. According to the new energy efficiency design standard promulgated in 2010 [3] , the indoor temperature in winter should meet 18 ℃. The data analysis results show that the number of samples which meet such conditions accounts for only 41.70% of the total samples. Even the controlling standard is set at 16 ℃, which is the lowest indoor temperature in winter in some northern cities, 33.98% of the users still fails to meet this standard. It shows that indoor thermal environment in winter is of low quality in northern China heating regions. The indoor temperature in winter of most residents cannot reach the minimum room control temperature, which greatly affects the indoor thermal comfort of residents in winter. Housing insulation urgently need to be refined in order to improve indoor thermal comfort.
Table3 Relationship between the indoor temperature and the building year
Completion year
The proportion of the sample size of indoor temperature to meet 16 degrees accounts for the total survey sample during the same period (%)
The proportion of the sample size of indoor temperature to meet 18 degrees accounts for the total survey sample during the same period (%) The relationship between indoor temperature in winter and the age of the building had been discussion as below. It can be seen from Table 3 , the indoor thermal comfort of the buildings that were built before 1996 is much poorer than those were built after 1996. Besides, after 1996 the number of samples whose indoor temperature could meet 16 ℃ or 18 ℃ that accounts for a higher proportion of total surveyed samples continually. This is because before 1996, the energy efficiency standards implemented in north China's heating districts were relatively low, and since then, China has began to implement "Energy Conservation Design Standard (heating residence part) JGJ26-95" [4] , making the heating and energy efficiency per unit area increase by 50% compared to 1982, and with the rising rate of efficiency standards, the room temperature has been significantly improved. In terms of the indoor temperature meeting at 16 ℃ or 18 ℃ in winter, the indoor comfort of buildings built from 1982 to 1996 was the worst. The construction built during this period should be focused on energy efficiency.
The relationship of indoor temperature in winter and the types of buildings had been discussed too. Whether the indoor temperature is set at 16 ℃ or 18 ℃ in winter, the relationship between temperature and the types of construction reveals that the temperature of residence Class B is higher than that of residence Class A and much higher than the bungalows which were shown in Table 4 . This is because most of the class B buildings of the surveyed sample were built after 1996, i.e. after the implementation of "Energy Conservation Design Standard (heating residential part) JGJ26-95". Therefore, the indoor comfort of residence Class B is better than that of residence Class A in general. It cannot be simply concluded that Class A buildings are the most important in the existing residential building heating transformation in northern heating regions. Considering the costs of the cottage building energy efficiency retrofit and the payback period, the main form to meet the requirements of building energy efficiency and indoor environment is the replacement of new buildings. Commercial and residential villas are not under consideration, since the number of samples is not enough to provide a representative opinion.
The Residents' satisfaction degree of the indoor thermal environment in winter had been analyzed. Only 55.7% of the surveyed residents are satisfied with the indoor thermal environment in winter. From the relationship of satisfaction degree and indoor temperature, it can be seen that satisfaction degree of the indoor temperature increases with the increasing temperature. When the indoor temperature ranges from 16 to 18 ℃ in winter, 51.79% of the residents dissatisfy with indoor thermal comfort. When it ranges from 18 to 22 ℃, only 11.49% of the residents were not satisfied with the indoor thermal comfort. Therefore, the indoor temperature of the retrofit of existing residential buildings should be at or above 18 ℃ in winter. From the relationship of satisfaction degree and the buildings' age, it can be seen that with the buildings' history increasing, dissatisfaction rate gradually declines. 60.98% of the residents are not satisfied with indoor thermal comfort of buildings built before 1996, while the dissatisfaction rate of buildings built after 1997 decreased significantly to 37.14%. The reason is still the implementation of construction energy efficiency design standard effectively improved indoor thermal comfort. At the same time, from the perspective of residents' satisfaction, it also verifies the buildings before 1996 will be the focus of the energy efficiency retrofit of existing residential building.
Table4 Relationship between the indoor temperature and the building type
Item
The proportion of the indoor temperature meet 16℃ samples in total samples (%)
The proportion of the indoor temperature meet 18℃ samples in total samples (%) The effect of retrofit is obviously. A quarter of the surveyed residents in the questionnaire implemented energy efficiency retrofit, among which 58.68% think that the major effect of retrofit is to raise the indoor temperature in winter, while 15.70% believe that the major effect is to improve the district environment and 10.74% think that the major effect is to improve the moisture condensation of the house in winter which were shown in From the reasons of retrofit, the energy efficiency retrofit organized by the government can improve resident environment and reduce the cost of energy use, which is the main driving force of retrofit, accounting for 83.45%, since in winter the indoor temperature is low and thermal comfort is poor. At this stage government-led retrofit is the main mode and research samples in most of the questionnaire is also involved in the government-led retrofit, so government-led energy efficiency retrofit of existing buildings is the main driving force. Apart from the factor of governmental organization, factors such as low temperature in winter, poor thermal comfort, improving community living conditions and reducing energy costs account for 72% of the total sample in non-governmental organizations, in which the pursuit of a good indoor thermal environment accounts for 39.77%, lower energy expenditure accounts for 15.90%, and to improve the residential living environment accounts for 17.05%. These three drives is the main reason why residents actively participate in energy efficiency retrofit of existing residential buildings. Among them, the most important thing is to improve indoor thermal comfort, which were shown in Table 6 . In winter, the temperature is low and the thermal comfort is poor 24.14 Existing mildew, condensation and other phenomena 4.14 Noisy house 8.28
To improve the living environment of residential 10.34
Can reduce the cost of energy use 9.66 rest 4.14 From the residents' willingness of retrofit, 92.19% of the residents believe that the implementation of the existing residential building energy efficiency is extremely necessary or necessary. When government investment accounted for 30% of the total investment, 76.78% residents expressed their willingness to participate in energy efficiency retrofit of existing residential buildings, which shows government investment plays a crucial role in promoting the energy efficiency. On the other hand, when the professional and technical unit is involved, 88.89% of the residents expressed their willingness to participate in energy efficiency retrofit of existing residential buildings. This conclusion shows that the energy service companies involved in energy efficiency of existing buildings through contract energy management have some basic conditions.
The content that the residents want most are building envelope, heat metering devices, temperature regulating device and heat transformation. Envelope transformation is what the residents hope most to implement, which shown as Table 7 . , As shown in Table 8 , the residents' requirements before 1996 focused on building envelope, while after the implementation of energy efficiency design standards in 1996, the indoor thermal comfort have been significantly improved and the focus of the residents has changed from improving indoor thermal comfort to save thermal expenses with guarantying indoor thermal comfort. Therefore, the proportion of heat metering and temperature control has significantly risen. It also shows three areas of the content basically reflect urgent need of retrofit of energy efficiency of existing residential buildings in northern heating regions. Only 27.52% of total samples expressed they had understood the building energy efficiency policies, which shows that residents knows little about it. Table 9 reflects the residents the sources for residents to understand the building energy-related information. Activities such as Energy Conservation Week organized by government departments are still the main channels to distribute such information. It needs to be strengthened to publicize building energy efficiency policies by television, Internet, books, magazines and other mainstream media. Residents do not know much about them, while the single publicity channels constrain the building energy efficiency to the deeper and broader areas.
Policies and Recommendations
From the energy efficiency perspective, energy efficiency is significant, since heat metering and energy efficiency of existing residential buildings in northern heating regions can save the capacity of 750,000 tons of standard coals and reduce 2,000,000 tons of carbon dioxide emission per year [5] . From improvement of indoor thermal comfort, the implementation of such a policy can significantly raise the indoor temperature, improve the residential environment and eliminate indoor mold and condensation. From people's livelihood, a large number of the residents are not satisfied with the indoor thermal comfort and the phenomenon of the substandard indoor temperature in winter abound. It is the responsibilities and obligations of the government to effectively improve the indoor temperature of residents in winter and to create a comfortable indoor environment. So it is not only an energy efficiency project but also a people's livelihood project.
Currently, the existing residential building energy efficiency retrofit mainly includes three aspects, namely, retrofit on building envelope, retrofit on heat metering and retrofit on heat balance of the network. Although the implementation of building envelope retrofit solely can improve the construction insulation and the indoor thermal comfort, it has neither heat metering devices nor conditioning devices. Therefore, such system cannot be charged according to thermal regulation and the amount of heat used while energy efficiency benefits of existing residential building energy efficiency retrofit are not fully realized. On the other hand, residents have some worries on energy efficiency retrofit. The implementation of charging according to heat usage is bound to further release energy efficiency potential of residential buildings and change the situation of "energy efficiency is not equal to save money". Meanwhile, the implementation of this policy will further mobilize people to carry on energy efficiency retrofit of the existing residential buildings and create favorable conditions for its further advance.
According to the questionnaire results, it will effectively mobilize people's enthusiasm of participation when the subsidies exceed 30% of the cost of renovation. At the same time, various retrofit models should be explored to mobilize the enthusiasm and meet the retrofit requirements of the residents. Retrofit mechanism should also be established to attract investment and financing jointly from the state, enterprises and individuals into the energy efficiency retrofit of the existing residential buildings. Actively guide the technically-supported unit to participate in the energy efficiency retrofit of the existing residential buildings by energy management contract to promote the formation and development of energy services market.
Improve the relevant technical standards so as to provide a scientific basis for energy efficiency retrofit of the existing residential buildings. Make the information survey of existing residential buildings and set up transformation goals according to facts such as the building types, buildings ages and building energy efficiency standards. Make retrofit programs according to the local conditions and then carry them on step by step. Explore mature technologies and insulation materials and strengthen supervision in the construction process in order to ensure the quality of retrofit.
Different media should be made full use of to publicize building energy efficiency policies in order to improve residents' awareness of building energy efficiency. So the residents can understand relevant preferential policies and the retrofit effect. Meanwhile, their suspects on retrofit can also be eliminated and the heat metering and energy efficiency retrofit of existing residential building in northern heating regions can be implemented smoothly.
Conclusion
The indoor thermal environment of the heating region in the China is not so good and the indoor temperatures of the most buildings in winter are difficult to meet the minimum temperature control. Therefore, the unsatisfactory rate on indoor thermal environment is high. Retrofit of existing buildings should be focused on the buildings that completed before 1996 and the indoor temperature in winter should be set at 18 ℃. Currently, the government-led retrofit model effectively driving the residents to improve building energy efficiency. Improving the indoor thermal environment is the largest driving force for residents to spontaneously participate in the energy efficiency retrofit of the existing building. After the implementation of the retrofit, the indoor temperature can be increased and the overall environments of residential quarters can be promoted. As a result, the phenomenon of moldy and the condensation of dew on the walls can be eliminated.
Referred to the obvious effect, relevant government departments are recommended to continue promoting the heat metering and energy efficiency retrofit of the existing residential building in the heating regions in northern China. And the retrofit is also recommended to adhere to this model--the combination of the building energy efficiency improvement and renovation of heat-supply system--in the existing residential buildings. Three suggestions are also put forward based on previous analysis. Firstly, capital investment in the heat metering and energy efficiency retrofit of the existing residential building in the heating districts in the north China should be increased. Secondly, the retrofit of the existing residential building should be implemented in a scientific and steady way. Thirdly, the propaganda of the building energy conservation should be strengthened and the retrofit can be promoted to a deeper level.
